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Differences  in  electrical  potential  are  developed in  the  structures 
of the  heart  during  the  processes  of its  action.  At  any  instant  of 
time the waves of the electrocardiogram  are the resultant  of a  num- 
ber  of potential  differences developed by the  synchronous  activities 
of the cardiac structures.  It has been sufficiently demonstrated that 
the  P  wave  is  associated  with  activity  of  the  auricles,  and  the 
Q,  R,  S,  T,  and  U  waves with  activity of the  ventricles.  Clement 
(I),  Erfmann  (2), and Lewis  (3)  have recently shown that the Q, 
R,  and  S  waves  are  associated  with  the  spread  of  the  excitation 
wave  from  the  auriculoventricular  junction  to  the  ventricles  and 
throughout  the ventricular  muscle mass.  It  is  unknown  what  ven- 
tricular  structures  are  associated  with  the  individual  waves.  It  is 
also  unknown  whether  the  direction  of  the  potential  difference  re- 
sponsible for a  given wave corresponds to any anatomical  structure. 
On theoretical  grounds  Einthoven  (4)  andWaller  (5)  have shown 
that  from the relative sizes of a  given wave in the three leads of the 
human  electrocardiogram  it  is  possible to  calculate  the  angle  which 
the direction  of potential  difference responsible  for the wave makes 
with  the  anatomical  axis  of  the  body.  Theoretically  then,  altera- 
tions  in  the position of the heart  in the body that  change  the direc- 
tion of the potential difference relatively to the axis of the body will 
change  the size and  direction  of the waves.  Again,  if without  any 
change  in  the  position  of  the  heart,  alterations  occur  within  the 
heart  so that  the distribution  of the nmscle mass  is  changed,  as  for 
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instance  by a  change  in  the  thickness  of  the  wall  of  one  ventricle 
relatively to the wall of the other, or by a deviation of the septum to 
one  side or  the  other,  changes  in  the  resultant  potential  difference 
would  result  with  corresponding  changes  .in  the  size  and  direction 
of  the  waves.  Other  factors  are  involved  in  determining  the  po- 
tential  differences  and  character  of  the  waves.  These  include  the 
direction and rate of travel of the wave of excitation within the con- 
ducting structures and the muscle mass. 
On account of these considerations  it is generally recognized that 
when changes in the electrocardiogram  occur they do so only as the 
result of definite causes.  Instances of such changes are observed in 
hypertrophy of the human heart. 
In  patients  with  hypertrophy  of the  left ventricle,  the  R  wave is 
large in Lead I  and small or absent in Lead III, while the S  wave is 
large  in  Lead  III  and  small  or  absent  in  Lead  I;  and  in  patients 
with  hypertrophy  of  the  right  ventricle,  the  R  wave  is  small  or 
absent  in  Lead  I  and  large  in  Lead  III,  while  the  S  wave is  large 
in  Lead  I  and  small  or  absent  in  Lead  III.  These  changes  corre- 
spond  to  the  changes  expected  theoretically,  if  in  hypertrophy  the 
direction  of potential  difference  responsible  for  the  Q,  R,  S  group 
is turned to the left or to the right  respectively.  Other changes have 
been  observed in  the  course  of acute  and  chronic  illnesses;  as,  for 
instance,  alterations  in the size of all or of some of the waves, split- 
ting  of waves,  and  lengthening  of the  time  occupied by a  wave or 
group  of  waves.  These  changes  are  often  transitory  and  so must 
depend on causes other than  increased muscle mass. 
The  work  reported  here  was  undertaken  originally  in  the  hope 
of correlating certain changes in the electrocardiogram  with definite 
changes  in the  heart. 
Method  and  Material. 
For this  purpose  it  was necessary to record  changes  in  the  heart 
during life.  For observations on the position, size, and shape of the 
heart,  x-ray  plates  were  made.  It  was  impossible  to  determine 
changes in the distribution  of the muscle during  life.  For this  and 
for the condition of the cardiac structures it was necessary to depend 
upon  the  examinations  made  after  death.  The  postmortem  exam- 
inations were satisfactory for these purposes only in the animals that 294  Changes in Electrocardiograms. 
died or were killed at the time when the electrocardiographic changes 
were  Observed.  After  death  the  hearts  were  divided  as  recom- 
mended by Mfiller  (6),  and  the  chambers  weighed separately.  It 
was not  found advisable to separate  the  two auricles and auricular 
septum  from  each  other.  Histological  examinations  were  then 
made. 
Rabbits  were  used  in  all  the  experiments.  Full  growth  rabbits 
were chosen so that changes consequent on growth could be excluded, 
as it was found necessary to continue the observations in some cases 
for a period of six months or more. 
In all, 33 rabbits were used, of which 4 were kept as controls.  The 
changes  were  produced by  repeated  intravenous  injection of:  (a) 
spartein  sulphate  and  adrenalin  hydrochloride  in  7  animals;  (b) 
adrenalin hydrochloride alone in 4;  (c)  diphtheria toxin in 4;  (d) 
suspensions  of  living streptococci  in  14  animals.  1 
Spartein  sulphate  and  adrenalin hydrochloride were  used  in  the 
doses  recommended :by  Fleisher  and  Loeb  (7),  and  the  injections 
were repeated at intervals of three or more weeks.  Adrenalin alone 
was given in increasing doses every two days commencing with o.I 
or  o.2  cc.  of  I:I,OOO  solution  for  twenty or  more  doses.  Diph- 
theria toxin was given in varying doses and these were repeated if 
no definite effect was  seen.  The  streptococci  which were  injected 
were isolated from the joints and blood of cases of acute rheumatism, 
from a  tonsillar  abscess,  a  liver abscess,  and  an  abscess  about  the 
root of a tooth.  Some were hemolytic, others of the Streptococcus 
z,iridans type.  The injections were repeated, as a rule, in increasing 
doses  until  effects  on  the  animal  or  electrocardiographic  changes 
were seen. 
The roentgenograms were made with the anticathode of the tube 
at a distance of So inches from the lower end of the sternum.  The 
rabbit was stretched out on its back on a board, in which a  gap had 
been cut so that the plate was in contact with the back of the animal. 
Before injection, control electrocardiograms were made with the 
animal on the right side and on the left side, as well as on its back, 
so that possible alterations due to changes in the position of the heart 
1 The  animals  injected with  streptococci were  from  a  series  of  experiments 
undertaken  with  Dr.  Homer  F.  Swift.  The  organisms  were  isolated  and  the 
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in the body could be estimated.  In only four instances were changes 
in the  size of the waves of more than  I  mm.  noted  with change  of 
position. 
The  large  Edelmann  model  of  the  string  galvanometer  was  em- 
ployed.  On all occasions three leads were recorded.  In most cases 
Lead  I  (right  foreleg and  left  foreleg)  was  unsatisfactory,  as  the 
waves were very small; and Lead III  (left foreleg and left hindleg) 
was,  as  a  rule,  so nearly  identical  with  Lead  II  (right  foreleg and 
left  hindleg)  that  it  has  been  found  sufficient to  consider  Lead  II 
only. 
The  resistance  of  the  animal  was  estimated  by the  Wheatstone 
bridge  and  telephone  method,  and  the  string  standardized  with  a 
constant  total  resistance  in  the  circuit.  The  electrocardiograms 
were made with a resistance added to bring the total resistance in the 
circuit  to  a  constant  value.  The  deflection  times  of  the  different 
strings  employed  varied  and  the  times  occupied  by  some  of  the 
waves of  the  rabbits'  electrocardiograms  are  so short  that  the  size 
of the wave was affected by the variations in deflection time.  It has 
been necessary, therefore, to discard all records in which the deflec- 
tion  time  of  the  string  varied  from  that  of  the  control  curves. 
Records  in  which  the  standardization  of  the  string  was  not  satis- 
factory  have  also been  discarded.  More  rapid  strings  than  those 
available might have shown greater changes than have been observed 
by the  methods  employed, but such  changes  as  have  been recorded 
would have been shown and shown better by an improvement in the 
methods. 
RESULTS. 
The  changes  in  the  electrocardiograms  to  be described are  those 
involving the Q,  R, S  group  only.  Changes  in  the  P  and  T  waves 
also  occurred  but  were  so  small,  except  in  a  very  few  instances, 
that  accurate  comparisons  were  impossible. 
In the course of the observations  on the  7  animals  injected  with 
spartein  and adrenalin  the roentgenograms  in three animals  showed 
that  extensive dilatations  to the  right  or to both sides developed in 
the course of a  few days.  Dilatations  to the left were accompanied 
by decrease in the size of the R  waves and increase in the size of the 
S  waves;  the  one  instance  of  marked  dilatation  to  the  right  by 296  Changes in  Electrocardiograms. 
increased R  wave and diminished S  wave; while dilatation  to both 
sides caused little or no  change.  These acute changes disappeared 
as quickly as they developed.  Of the other 4  animals, 2  died after 
the  first  injectionl  and  2  after  the  second,  and  before  significant 
changes  developed.  After  repeated  injections  and  the  resultant 
acute changes, these 3 animals showed a  moderate gradual enlarge- 
ment to the left associated with decrease in the size of the R  waves 
and increase in the S waves. 
Figs.  I and 3 represent the changes that occurred in Rabbit 218 E. 
Fig.  I shows the size of the heart at the beginning, and Fig. 3 at the 
conclusion  of  the  experiments,  and they demonstrated an  enlarge- 
ment to the left side.  Figs. 2 and 4 show the corresponding electro- 
cardiographic changes, and Fig. 5 shows the extreme but transitory 
electrocardiographic  changes  obtained  in  this  animal.  Unfortu- 
nately  no  roentgenogram  was  obtained  on  the  same  day  as  this 
curve. 
Figs. 6 and 8  represent the right-sided enlargement that occurred 
in Rabbit 211  E, and Figs. 7 and 9 represent the change in the elec- 
trocardiograms.  Figs.  Io  and  I2  represent  the  extreme  change 
obtained in Rabbit 278 E and Figs.  I I and 13 give the corresponding 
electrocardiograms.  The enlargement in this case was to both sides 
while the electrocardiogram was  altered but  little.  In Table  I  the 
changes in the waves and in the size of the heart throughout the ob- 
servations in Rabbit  278  E  are tabulated.  It will be seen that  fol- 
lowing the third injection the electrocardiographic changes indicated 
an enlargement to the left side, but no roentgenogram was obtained 
on that date to correspond to this.  Similar changes occurred after 
the  last  injection.  Daily  x-ray  observations  at  this  time  showed 
an enlargement to the left. 
Of the 4 animals treated by repeated injection of adrenalin alone, 
one, lO6 B, showed an acute enlargement to the left accompanied by 
increased R  wave and increased S wave, but died after the 4th injec- 
tion,  while  the  others  showed  slight  gradual  increase  to  the  left 
with similar electrocardiographic changes. 
Of the animals injected with adrenalin, or spartein and adrenalin, 
those that  showed marked distress  immediately after  injection  de- 
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TABLE  I.* 
Rabbit  278  E. 
Received  6  Iniections  of  Spartein  Sulphate  o.os2  Gin.  per  Kilo,  and  Adrenalin 
Hydrochloride  0.2  Cc.  s: s,ooo  (Parke,  Davis  and  Co.).  Total Resistance 
in  Circuit  s3,5oo  Ohms  throughout  Observations.  String  Stand- 
ardized  with Resistance  in  Circuit  of 8,7oo  Ohms. 
Date. 
Dec.  2,  1913 
4, 
"  8,  "  I 
12, 
I9, 
"  30 ,  " 
Jan.  7,  1914 
,,  ,,  ,, 
2 
12, 
20,  ~' 
i, 
22, 
26,  " 
"  "  "  3 
29, 
Feb.  3,  " 
,i 
I0, 
"  26,  " 
Mar.  5,  " 
"  17,  " 
"  4 
23,  " 
25 ,  " 
30 ,  " 
Apr.  6,  " 
4,  7'  ** 
"  "  "  5 
IO, 
15, 
16, 
"  27,  " 
3 ° , 
May  I,  " 
4, 
5, 
**  6,  " 
7, 
II, 
13, 
t,  ,, 
24, 
25, 
June  4,  " 
5, 
•  Deflec-  Size  of  waves. 
I.njec'l  Rate•  I  tion  - 
mm  sec. 
267.3  +3.5i  --I.0 
266.4  0.020  +3.0!  --I.O 
2.72.7  +2.5  -- 1.0 
246.7  "  +2.5  --I.0 
281.8  +2.0  --I.O 
284.3  0.025  +2.5  --3.0 
267.5  "  +I.5  --1. 5 
293.7  "  +2.5  --2.0 
216.9  o.015  +2.0  --I.0 
--2.0  235.2  o.o18  +2.5 
259.2  o.o25  --?  +  ?  --1.5 
261.8  "  --3.5 
274-5  "  +0.5  I  --2.0 
267.1  0.020  +1.5  --2.0 
235. 4  "  +2.0  --2.0 
289.1  "  +3.0  --I.O 
273.1  "  +2.0  --0.5 
266.9  "  +2.0  --I.O 
261.7  "  +2.0  --I.O 
255.6  "  +2.0  --I.O 
230.8  "  +2.0  --2.0 
233.8  "  +2. 5  --2.0 
254.2  "  +2.0  --1. 5 
253.9  "  +1.5  --2.5 
240.0  "  +I.0  --2.0 
238.4  "  +I.O  --3-9 
244.8  "  +1.O  --3.0 
258.2  "  +I.o  --3.5 
268.2  "  +i.o  -2.5 
267.o  "  +i.o  --3.o 
20I.I  ~'  +2;0  --1.  5 
234.8  "  +2.o  --1. 5 
Size of heart• 
mm. 
28 x  23 
32 x  28 
38 x 32 
53 x  44 
39 x  33 
39x31 
38x32 
37 x 32 
36 x  33 
35x3  I 
35 x  30 
42 x38 
36 x  29 
34 x  26 
34 x  25 
33 x  25 
Remarks. 
On back. 
! On right side. 
On left side. 
Enlarged to both 
sides. 
Enlarged  to  left 
mainly. 
i Enlarged  to  left 
mainly• 
* The  figures  in  this  table  and  in  Table  II  denoting  the  size of  the  heart  were 
obtained  by  measuring  and  expressing  in  mm.  the  long  axis  of  the  heart  shadow 
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reaction  to the  injections  only slight  changes  developed in  the  size 
of  the  heart  or  in  the  electrocardiograms.  In  all  cases  the  heart 
sounds  became accentuated  and  reduplicated  and  in  four cases sys- 
tolic  murmurs  .developed,  but except  for  restlessness  and  increased 
excitability, the animals did not appear to be distressed after recover- 
ing  from the  dyspnea consequent  on the  injections.  This  dyspnea 
never  continued  for  more  than  a  few minutes. 
The  three  animals  injected  with  fatal  doses  of  diphtheria  toxin 
showed slowing of the  heart  rate  before death.  Not  only did the 
auricular  rate  decrease  but  the  auriculoventricular  conduction  time 
lengthened,  and  the  time  occupied  by each  phase  of  the  cycle  in- 
creased.  For example, in Rabbit IO  3 B the heart rate changed  from 
261. 7  to  177.6, the  P-R  time  from  o.o7 of  a  second  to" o.Io  of  a 
second, the time occupied by the Q, R, S waves from 0.o2 to o.o  7 of 
a  second,  and  that  occupied by the  T  wave from o.I2  to o.I6  of a 
second.  Rabbit lO5 B, which received three non-fatal doses, showed 
by x-ray slight enlargement  of the heart downwards and  to the left 
with increase in the S  wave and decrease in the R  wave of the elec- 
trocardiogram.  Histologically  the  cases  that  received  fatal  doses 
showed  marked  degeneration  and  fatty  changes  throughout  the 
heart  muscle and  similar  changes  in  the auriculoventricular  bundle. 
The  electocardiographic  changes  are  illustrated  in  Figs.  I4 and  15 
from Rabbit  Io2 B. 
No  constant  changes  were  seen  in  the  fourteen  rabbits  that  re- 
ceived intravenous injection of streptococci.  Lesions resulting from 
these injections  in structures  other  than  the heart  occurred but will 
not be discussed here.  Rabbit  II 5  B  was  injected  with a  strepto- 
coccus obtained  from the blood of a  case of acute articular  rheuma- 
tism.  Slowing of the  auricular  rate  occurred  and  slight  lengthen- 
ing of the auriculoventricular interval and of the Q, R, S time.  The 
changes  were similar  to  those seen in  the cases injected  with  diph- 
theria  toxin.  Premature  ectopic  ventricular  contractions  also 
occurred  before  death.  Histologically  the  heart  muscle  showed 
diffuse  degenerative  changes  and  numerous  necrotic  loci.  Rabbit 
I I8 ]3 injected with a  streptococcus isolated  from a  tonsillar abscess 
also  developed  premature  ectopic  ventricular  contractions,  but  no 
focal lesions were found and the muscle showed but slight degenera- Francis  R.  Fraser.  299 
tive  changes.  Figs.  16  and  17  illustrate  the  electrocardiographic 
changes in this animal.  Rabbit 119 B injected with the same organ- 
ism showed lengthening  of the  Q,  R,  S  period.  In the  heart  there 
were  numerous  areas  of  focal  necrosis  and  degeneration  of  the 
muscle.  Rabbit  lO8  B,  injected  with  a  Streptococcus  viridans  ob- 
tained  at death  from the heart's  blood of a  case of acute rheumatic 
carditis, showed on an x-ray plate an acute enlargement of the heart 
to the  left; the accompanying electrocardiogram  showed a  decrease 
in size of all the waves, but especially of the R  wave. 
In 9 of the  14 rabbits treated with suspensions of streptococci and 
in  all  4  of  those  receiving  diphtheria  toxin,  diminution  in  the  size 
of all the waves was seen.  This was never found in the controls and 
only to a very slight extent in the animals  treated  with adrenalin  or 
TABLE  II. 
Rabbit  zo9  B. 
Received  4  Injections  of  a  Suspension  of  Streptococcus  Isolated  after  Death 
from  the  Heart's  Blood  of  a  Patient  with  Acute  Rheumatism.  Total 
Resistance  in  Circuit for  Standardization  and  for  Records,  8,700 
Ohms.  Deflection  Time,  0.02 Seconds  throughout  Observations. 
Date. 
Mar. 20,  1914 
23 
24 
25  " 
28  " 
30 
Apr.  2  " 
6  " 
**  8  ~l 
14 
24  J~  ,,  . 
May  3  " 
4 
7 
II 
"  I8  " 
22 
25 
27 
"  28  " 
June  8  " 
Injec- 
tion. 
"Rate. 
17o.8 
231.6 
211.  4 
244.8 
244.5 
264.5 
230.7 
253.3 
228.8 
256.8 
216.3 
293.0 
284.8 
269.1 
238.4 
278.2 
241.7 
212. 3 
218.6 
P-R 
time. 
Size of waves. 
P  R  S 
sec.  mm.  mm.  ram. 
0.07  +1.o  +4.0  --2.5 
+1.5  +2.5  --3-5 
+I.O  +2.0  --2.  5 
"  +1.o  +I.O  -2.5 
"  +o.5  +I.O  -I.O 
+I.0  +I.  5  --2.0 
"  +  ?  +I.0  --I.O 
+I.O  +3.5  --2.0 
0.06  +I.O  +3.5  --1.5 
"  +1,5  +3.0  --2.5 
0.07  +1.5  +5.0  --2.0 
"  +I.O  +2.0  --3.0 
"  +I.0  +2.0  --1.0 
0.06  +I.O  +3.0  --  ~ 
0.07  +1.o  +3.0  --I.O 
0.06  +I.O  +2. 5  --I.0 
0.07  +0.5  +I.o 
"  +0.5  +2.0  -1.o 
+i.o  +3.0  -1. 5 
T 
mm, 
+3.o 
+2.0 
+1.5 
+1.o 
+0.5 
+1.5 
+0.5 
+2.5 
+L5 
+2.0 
+2.5 
+L5 
+I.5 
+2.0 
+2.0 
+I.  5 
+I.O 
+I.5 
+I.O 
Q-R-S 
time. 
SeC, 
0.025 
0.025 
0.025 
0.02 
0.025 
0.025 
0.02 
0.025 
0.02 
0.025 
0.025 
0.03 
0.025 
0.025 
0.025 
0.025 
? 
0.025 
0.025 300  Changes in  Electrocardiograms. 
spartein and adrenalin,  and in them it was a  transient  effect. 
II, giving the observations on Io  9 B, illustrates  this. 
Table 
DISCUSSION. 
Changes  in  the  size  and  direction  of  the  waves  of  the  electro- 
cardiogram  such as those described may depend, as has been pointed 
out,  on changes  in the position of the heart in the body, changes  in 
the  relative  distribution  of  the  muscle  mass,  and  changes  in  the 
condition  of  the  muscle  and  conducting  structures.  It  is  possible 
that  conditions  of the nervous  systenl may exert an  influence  from 
outside  the  heart.  But  the  influence  of  the nervous  system on  the 
mechanism  of  the  heart  beat has  been the  subject of  numerous  in- 
vestigations  and  changes  of  this  nature  have  never  been  demon- 
strated.  The  influence  of  the  position  of  the  heart  in  the  body is 
definitely  excluded,  as  control  curves,  taken  with  the  animals  in 
different  positions  before  the  injections  were  commenced,  showed 
that  in  no  instance  could  the  changes  that  resulted  be  accounted 
for  in  this  way.  In  some  instances  also  it  was  ascertained  that 
alterations  in the position of the rabbit could not restore the electro- 
cardiogram  to the initial  form.  The  changes  in the size and  shape 
of  the  heart  demonstrated  by  the  x-ray  examination  were  always 
accompanied  by changes  in  the  electrocardiogram,  and  changes  in 
one  direction  were  always  accompanied  by  electrocardiographic 
changes  in  a  .definite  direction.  It  is  probable,  therefore,  that  the 
alterations  seen in  the roentgenograms  were the causes of the  elec- 
trocardiographic  changes described. 
The  observations extended over seven months  in  some instances. 
The  records  were obtained  at  all  stages  between the  initial  normal 
forms of the electrocardiograms and the extreme qualitative changes 
usually  associated  with  right-  or  left-sided  enlargement.  These 
records show that not only the extreme qualitative  changes,  but also 
the gradual quantitative decreases and increases in size of the waves 
of the Q, R, S  group seen in the intermediate  records are significant 
of changes  in the size and  shape of the heart. 
Diminution  in  the  size  of  all  the  waves  was  seen  in  the  case of 
the  animals  treated  with  diphtheria  toxin.  The  hearts  of  these 
animals  showed extreme  degenerative  changes  after  death.  Acute Francis  R.  Fraser.  301 
degenerative  changes  have  been  described  by  numerous  observers 
after single injections  of adrenalin and  of  spartein  and adrenalin. 
Following the injections, the electrocardiographic records sometimes. 
showed decrease in size of all the waves before the changes associ- 
ated with the enlargements of the heart manifested themselves and 
obscured  these  more  general  changes.  A  toxic  condit'ion  of  the 
muscle and other structures of the heart and degenerative changes 
in  them  must  alter  their  functions,  and  it  is  not  improbable  that 
their electrical activities .may be lowered.  All the animals  injected 
with streptococci showed joint lesions or altered heart sounds during 
life, or degenerative changes in the heart muscles after death, so that 
a  similar reason may be present in the nine animals so treated that 
showed the decrease in the size of all the waves. 
The influence of the nervous  system and  of pathological  lesions 
of the structures themselves on the function of the pace-maker and 
the  auriculoventricular  conducting  structures  has  been  repeatedly 
demonstrated.  The slowing of the pace-maker and the lengthening 
of  auriculoventricular conduction time  and  of  the  duration  of  the 
individual waves, seen in the three rabbits treated with fatal doses of 
diphtheria toxin and in Rabbits  I I5 B and I 19 B treated with strep- 
tococci, may have been caused by changes in the nervous mechanism 
outside  the  heart.  But  the  intense  degenerative  changes  seen 
throughout the conducting structures and the heart muscle afford a 
more probable explanation.  Ectopic ventricular contractions can be 
caused  by  mechanical  or  electrical  irritation  of  the  heart  muscle. 
The ectopic contractions seen in  Rabbit  I 15  B  niay well have been 
due to the loci of degeneration and necrosis seen.  Ectopic ventric- 
ular  contractions  were also  obtained  in  Rabbit  I18  B  although no 
such loci were found in the sections examined. 
A  study of the  relative  weights  of  the  ventricles  of  the  hearts 
after death showed no changes sufficiently constant to permit of cor- 
relation with the electrocardiographic changes. 
CONCLUSIONS. 
I.  In  rabbits  transient  and  also  permanent enlargements  of  the 
heart occur as the result of the intravenous  injection of adrenalin, 
spartein and adrenalin, diphtheria toxin,  and streptococci. 302  Changes in Electrocardiograms. 
2.  Transient and permanent enlargements of the heart to the left 
are  associated  with  decrease  in  the  size  of  the  upwardly  directed 
waves  of the  Q,  R,  S  group  in Lead  II  of the electrocardiograms 
and  increase  in  the downwardly  directed.  Transient  enlargement 
to the right  is  associated  with changes  in the  opposite direction. 
3.  The  stages  in the process  of enlargement  have  been observed 
and are  associated with gradual  changes  in the size of these waves. 
4.  A  diminution in the size of all the waves of the Q, R,  S group 
was observed in degenerative conditions of the heart muscle. 
5.  Extreme degeneration of the structures of the heart was asso- 
ciated with slowing of the heart's  action, lengthening of conduction 
time  (P-O), and lengthening of the time occupied by the individual 
waves  of  the  electrocardiogram. 
6.  Ectopic ventricular  contractions  were seen  in  rabbits  injected 
intravenously  with suspensions  of living streptococci. 
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EXPLANATION  OF  PLATES. 
PLATE 37. 
FIGS.  I  to  5.  Rabbit 218  E.  Received  injections of  o.oi2  gin.  spartein  sul- 
phate per kilo and 0.2 cc.  of adrenalin hydrochloride 1 : 1,ooo  (Parke,  Davis and 
Co.)  on Dee.  8,  1913,  Jan. 2, Jan. 26, Mar.  I7,  Apr. 6,  and Apr. 30,  I914  • 
FIG.  I.  Roentgenogram of heart, Nov. 28,  1913. 
FIG.  2.  Electrocardiogram,  Lead  II,  Dec.  4,  I913. 
FIG.  3.  Roentgenogram of  heart,  May  5,  I914  • 
FIG.  4.  Electrocardiogram,  Lead  II,  May  5,  I914. 
FIG.  5.  Electrocardiogram,  Lead  II,  Feb.  3,  I914. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXlI.  PLATE  37. 
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(Fraser:  Changes in  Electrocardiograms.) Francis  R.  Fraser.  303 
PLATE 38. 
FIGS.  6  to  9.  Rabbit  211  E.  Received  injections  of  o.o12  gin.  of  spartein 
sulphate  per kilo  and  0.2  cc.  of  adrenalin  hydrochloride  I : I,OOO (Parke,  Davis 
and  Co.)  on  Dec.  8,  1913, Jan.  5,  Jan.  26,  Jan.  30,  Mar.  17,  Apr.  6,  and  Apr. 
30,  I914. 
FIG. 6.  Roentgenogram  of heart,  Dec. 4,  1913. 
FIG. 7.  Electrocardiogram,  Lead II, Feb. 3,  I914. 
FIG. 8.  Roentgenogram of heart,  Apr.  15,  1914. 
FIG. 9.  Electrocardiogram,  Lead II, Apr.  I6,  1914. 
PLATE 39. 
FIGS.  I0 to  13.  Rabbit 278  E.  Received injections of o.o12  gm.  spartein  sul- 
phate  per  kilo  and  0.2  cc.  adrenalin  hydrochloride  I:I,OOO  (Parke,  Davis  and 
Co.)  on Dec. 8,  I913,  Jan.  7, Jan.  26,  Mar.  17, Apr. 7,  and  Apr. 3  o,  I914. 
FIG.  IO.  Roentgenogram of heart,  Dec. 4,  I913. 
FIG.  II.  Electrocardiogram,  Lead II, Dec. 2,  1913. 
FIG.  12.  Roentgenogram of heart,  Apr. 6,  1914. 
FIG.  13.  Electrocardiogram,  Lead  II, Apr.  7,  1914 (before  injection). 
PLATE 4  ° . 
FIGS.  14  and  15.  Rabbit  lO2  B.  Received injection of  diphtheria  toxin,  Jan. 
29,  1914. 
FIG.  I4.  Electrocardiogram,  Lead  II, Jan.  29  (before  injection). 
FIG.  15.  Electrocardiogram,  Lead II, Feb.  1, I914. 
FIGS.  16 and  I7.  Rabbit  n8  B.  Received injections  of  suspensions  of  strep- 
tococcus isolated  from tonsillar abscess, Apr. 22, May 2, May 18, and  May 28, 1914. 
FIG.  I6.  Electrocardiogram,  Lead  II, Apr. 22,  I914  (before  injection). 
FIG.  17.  Electrocardiogram,  Lead  II, May 8,  1914. 